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ORIGINAL STUDY

Spatiotemporal Impact Analysis of Land Surface
Temperature Variations: A Case Study of the
Northeastern Part of Baghdad Province, Iraq
(2000—2024)

Basheer S. Jasim

Technical Institute of Babylon, Al-Furat Al-Awsat Technical University, Iraq

Abstract

Land Surface Temperature maps are handy tools in a wide variety of scientific and practical fields. Monitoring climate
change, researching the consequences of global warming, and evaluating the health of ecosystems are some of the
applications that are used extensively. In addition, they have uses in agriculture, such as determining the amount of
water that vegetation needs and monitoring agricultural regions that are experiencing drought. This study utilized a
remote sensing approach to estimate land surface temperature with Landsat imagery from two periods, respectively, 2000
and 2024. The Landsat user's guide provided the algorithm to convert the images from DN to TOA radiance. Almost all
stations show a significant increase in LST from 2000 to 2024. Some stations show significant increases of more than
10 °C. RMSE slightly increased from 1.89 to 1.98, indicating minor forecast inaccuracies. The average temperature rose
from 34.76 °C to 40.25 °C, with maximum temperatures increasing from 41.14 °C to 48.13 °C and minimum temperatures
from 26.29 °C to 33.66 °C. The standard deviation increased from 3.57 to 3.92, indicating greater temperature variability.
These findings suggest notable climate changes and support the global warming hypothesis. The general increase in
Earth's surface temperatures indicates the effects of global warming and climate change at the local scale. Noticeable
increases may be due to urbanization, deforestation, and changes in land use.

Keywords: Climate change, Land use land cover dynamics, Land surface temperature, Normalized Difference Vegetation
Index (NDVI), Baghdad province

1. Introduction area, proving that urbanization is a significant

contributor to climate change on a worldwide scale

S atellites and other forms of remote sensing
provide a treasure trove of data for studying the
geographical and temporal variability of environ-
mental parameters [1,2]. Changing land surface
temperatures (LSTs) are a major contributor to
climate change on a worldwide scale. LST maps
help urban planning by analyzing urban heat
islands, which helps design green areas and reduce
city heat impacts. An estimated 68 % of the world's
population will live in urban areas by 2050, up from
30 % in 1950 and 55 % in 2018 [3]. Approximately
97 % of manufactured CO: emissions in the 1990s
came from only 2 % of the world's geographical

[4]. Cities are often warmer than their rural coun-
terparts due to urban heat islands, which result
from changes in land cover brought about by
increased human settlement [5]. Drought, ozone
depletion, skin and lung illnesses, and adverse ef-
fects on agricultural output are all consequences of
abnormal LST [6]. The interaction between the en-
vironment's biotic and abiotic components may be
better understood using LST estimates across the
Earth's surface [6].

The temperature at a particular location on Earth's
surface is known as land surface temperature (LST)
[7]. The fields of meteorology and climatology have
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used remote sensing to estimate surface tempera-
ture [8]. The current rate of climate change and
human activity makes it impossible to ignore
changes in land cover. For instance, volcanic erup-
tions, tsunamis, and disturbances induced by
humans are particularly harmful to island ecosys-
tems' flora. In vegetation, seasonal changes are
frequent. However, it is also affected by climate
change and may undergo significant trans-
formations due to natural catastrophes [9]. Rapid
urbanization, driven by rising populations, is a
major contributor to the changing global environ-
ment, surface cover, urban geometry, and urban
climate [10]. Change detection entails quantitatively
analyzing the phenomenon's temporal conse-
quences using multi-temporal datasets [11,12].

Cici Alexander [5] key findings include a 3.96 °C
difference between urban and rural areas, with
strong correlations between LST and specific spec-
tral indices (NIR and SWIR2). Tree cover negatively
correlates with LST more than overall vegetation,
and tree/building cover variations can explain up to
68 % of LST changes, suggesting potential for
climate adaptation through land cover management.

Richard and Ibochi [6] study uses remote sensing
to estimate LST, Normalized Difference Vegetation
Index (NDVI), and Green Normalized Difference
Vegetation Index (GNDVI) for Port Harcourt,
Nigeria, comparing data from 1990 to 2017. Landsat
imagery analysis revealed the highest LSTs of
28.77 °C in 1990 and 29.37 °C in 2017, with temper-
ature increases linked to urbanization and indus-
trialization. Correlations between LST and NDVI/
GNDVI were positive, suggesting remote sensing
and GIS are effective for environmental studies.

Researchers now have cutting-edge tools for data-
aided environmental management thanks to the
combination of GIS and remote sensing technolo-
gies [13,14]. As a result of increased human activity
and fast urbanization, the surface temperatures in
the northeastern portion of Baghdad Province are
changing dramatically. Because of this, noticeable
changes have occurred in the environment,
including the urban heat island effect, the loss of
vegetation cover, and the acceleration of desertifi-
cation. Furthermore, these changes are being com-
pounded by global climate change, leaving the area
susceptible to even more variations in surface tem-
peratures. Consequently, this study's primary
objective is to examine the changes mentioned
above in surface temperatures across space and
time from 2000 to 2024 in order to comprehend their
possible social and environmental effects, pinpoint
the regions most at risk of adverse changes, and
ultimately enhance ecological policies.

This research aims to learn how land cover affects
LST, identify regions that are abnormally hot or
cold, and comprehend the spatial pattern of LST in
the research region. To better adapt to climate
change and enhance people's living circumstances,
urban areas might benefit from understanding the
variables that cause the LST phenomenon to rise or
decrease.

2. Materials and methods
2.1. Study area

The study area is located in the northeastern part
of Baghdad province, Iraq, an area characterized by
its geographical diversity, as it contains urban and
agricultural areas. Diyala province forms its eastern
boundary, while the major cities of Baghdad prov-
ince form its western one. It is strategically located
near the Diyala River, a major water supply in the
area, and the land it drains is vital for agriculture.
The degradation of certain agricultural fields and
their conversion into residential and industrial
zones have been caused by the fast urbanization of
this region, which is a consequence of both popu-
lation increase and urban activities. Furthermore,
the area has hot and dry summers, mild to cold
winters, and occasional rainfall, defining a semi-arid
climate. This region's varied topography, which in-
cludes both agriculturally productive flat terrain and
more hilly regions close to rivers, contributes to
climatic changes, such as the impacts of increasing
surface temperatures. It is located between the
longitudes of 44°16'39” East and 44°23'10" East, as
well as the latitudes of 33°23'00” North and 33°29'00"
North. A part of the Tigris River passes through the
study area. The study area also contains diverse
plant cover distributed irregularly around the river
and a different land cover, as in Fig. 1a and b.

2.2. Database

For this investigation, satellite data was used.
Landsat-5 TM images for the years 2000 and Land-
sat-8 OLI/TIRS images for the year 2024 were
collected from the USGS (https://earth explorer.-
USGS.gov/), details of which can be found in
Table 1. These images and data were then used for
the necessary geostatistical and geospatial analysis.
These images were collected over twenty-four years
to comprehend the Bagdad province's chronological
changes better. Before conducting the geo-special
analysis, the images were adjusted using radio-
metric calibration and atmospheric correction.
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Fig. 1. Study area for the years (a) 2000 and (b) 2024.

Table 1. The study used satellite data.
No. Satellite Path/Row Date of
acquisition

19/09/2000 30 m
27/09/2024 30 m

Sensor Resolution

1 Landsat5 TM 168/38
2 Landsat 8 OLI/TIRS 168/37

There are no clouds in the study area, and the im-
ages have a resolution of 30 m.

2.3. Methods

Temperature data is collected by satellite sensors
like Landsat and recorded as a DN between 0 and
255. Use the four-stage procedure below to trans-
form these DNs into LST:

Computation of Brightness Temperature:

Digital numbers (DNs) from Landsat thermal
bands are converted to spectral radiance using the
image information and the following method to
calculate brightness temperature:

(A) Landsat TM and ETM -+ [15].

Lmax.A — Lmin.A
Q.calmax. — Q.calmin.

+ Lmin.A

RA= *[Q.cal — Q.calmin.]
1)

Where:
R} is the range of light that [W/(m2 x sr. x pm)].

Q.cal is the numerical value assigned to a single
pixel.

Lmax does the spectrum of light.

Lmin does the spectrum of light.

Q.cal max is a pixel's highest calibrated value.

Q.cal min the pixel with the lowest calibrated
value.

(B) Landsat OLI [16].
RA=[ML * Q.cal] + AL (2)

Where:

ML is a multi-band radiance signal where n is the
number of bands.

AL is the brightness; multiply by band n, where n
is the number of bands.

Lastly, the formula calculates the brightness
temperature [16].

k2

In ( (g—}) +1
Where:

Br. Temp is the temperature in Celsius measured
at the top of the atmosphere.

K1 and K2 are the band conversion constants.

K1 value constant band 6 = 607.76.

K2 value constant band 6 = 1260.56.

Br.Temp.= —273 3)
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(2) Landsat Normalized Difference Vegetation
Index (NDVI) values may be calculated using the
following formula [17—19]:

(p.NIR — p.RED)

DV =P
NDVI={NIR + p RED)

(4)
Where: p.RED represents the red reflectance while

p.NIR stands for the near-infrared reflectance.

(3) Computation of vegetation proportion (pr.) by
the following formula [18]:

. _ [ NDVI—NDVImin. ?
'~ |NDVImax. — NDVImin.

(5)

(4) Computation of Land Surface Emissivity (E) as
follows [20]:

E=(4*10")*pr.+ (986*107") (6)

(5) Finally, here is the formula to determine the LST
value [18]:

LST = [Br.Temp. / (1+ (2e.* Br.Temp. / p) * In(E))
(7)

Where:

P = 14,380

Ae is the length of the wavelength at which radi-
ation is released (11.345 um for TM or ETM+ and
11.5 pm for OLI) [20].

Based on Jenks' optimization approach, the natu-
ral breaks classification approach groups data into
similar categories. Historically, when using the
natural breaks method to define classes, the user (or
cartographer) analyzed the attribute's distribution
and determined where the necessary class breaks
should occur [21]. Grouping data shows the greatest
variation out groups and the least variation within
each class utilizing natural breaks. ArcGIS software
uses Jenks optimization, a statistical technique for
grouping data values into sets, to take advantage of
the logical breaks that occur in the data [22].

ArcGIS software uses this system as its standard
approach to classification. This technique classifies
data into comparable groups using an algorithm to
find the data's discrete points in a histogram [23].
The values of the natural breaks are rounded to a
number that is simpler to read and understand
while still preserving the general pattern of the
natural breaks that were originally there. These
values are determined by the equation that is shown
below [22]:

i —\2
GVF—1— Z,’Ll?ﬁl (ij - ?)
> (7= 3)

Where:

GVF (Generalized Variance Function) = satisfac-
tory fit for variance.

zij = squared discrepancies from the average of
the array.

zj = value of the squared difference between
classes.

Creating an LST map is a multi-step process that
requires merging and analyzing data from different
spectral sources, as shown in the table. Each step
contributes to improving the accuracy of the final
information about LST. Fig. 2a and b shows the
stages of preparing the LST map for 2000 and 2024
and includes many different analytical processes
and spectral data, respectively.

3. Results and discussion

The study is helpful due to the details of changes
in land cover through the years 2000 and 2024. It
also illustrates the benefits of combining efficient
GIS methods with readily available remotely sensed
data for information extraction. Creating Land Sur-
face Temperature (LST) maps relies on using satel-
lite data and digital image processing to analyze and
interpret thermal changes on the Earth's surface.

3.1. Land surface temperature map 2000

The band 6 map is the first step in creating a map
of the LST. At this stage, spectral data captured by
satellites in the sixth band are used, as this band
usually represents the wavelengths that respond to
thermal changes, as in Fig. 3a. After obtaining the
sixth band data, this data is converted into a radia-
tion map. A radiation map shows the spatial distri-
bution of radiant energy emitted from the Earth's
surface. This map is crucial because it converts
digital values recorded by satellites into physical
units that can be used to calculate temperature, as in
Fig. 3b.

The Kelvin temperature map represents the next
stage of the processing process, where radiation
values are converted into temperature values using
appropriate physical equations. Kelvin temperature
expresses the absolute temperature and is an
important step in accurately understanding the
temperature distribution on the Earth's surface, as
in Fig. 3c. The final map is the LST map, which
shows the spatial distribution of temperatures on
the Earth's surface for the given year, in this case,
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Fig. 2. General workflow diagram: (a) LST map 2000, (b) LST map 2024.

2000. This map is the ultimate tool for environ-
mental, climate, and agricultural studies, providing
valuable information about Thermal changes and
their effects on different ecosystems, as in Fig. 3d.

3.2. Land surface temperature map 2024

Band 4 map: This band is used to determine the
characteristics of plants and water, contributing to
the analysis of environmental impacts on surface
temperature, as in Fig. 4a.

Band 5 map: This band provides additional in-
formation on vegetation, rocks, and soil, which
helps improve the accuracy of temperature calcu-
lations, as in Fig. 4b.

Band 10 map: This band is considered essential in
measuring the thermal radiation emanating from
the Earth's surface, and it is the key to calculating
the LST, as in Fig. 4c.

Top-of-Atmosphere (TOA) radiance: This radia-
tion calculates temperature changes due to

atmospheric effects, allowing raw data to be cor-
rected and converted into accurate information
about LST, as in Fig. 4d.

Brightness temperature: This step is vital because
it represents the conversion of radiation data into
actual temperature, which is the basis for deter-
mining the LST map, as in Fig. 4e.

Normalized Difference Vegetation Index (NDVI):
Vegetation cover greatly affects LST. NDVI helps
identify areas densely covered by vegetation, which
helps adjust temperature data based on the effects
of vegetation, as in Fig. 4f.

Portion of vegetation: This data helped improve
the accuracy of the LST map by adjusting thermal
radiation based on the percentage of vegetation
cover, as in Fig. 4g.

Land Surface Emissivity (LSE): Surface emissivity
is an important factor in calculating temperature, as
it varies depending on the surface type (water, soil,
plants) and directly affects the accuracy of the LST
map, as in Fig. 4h.
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Fig. 3. Stages of creating a map of the Land Surface Temperature (LST) for the year 2000, (a) Band 6 map, (b) Radiance map, (c) Temperature kelvin
map, (d) Land Surface Temperature map 2000.

LST map 2024: This map provides a comprehen-
sive and accurate view of temperatures on the
Earth's surface for 2024, enabling scientists and

researchers to study climate and environmental
changes and make decisions based on reliable in-
formation, as in Fig. 4i.
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and LST map 2024

Table 2 provides data on land surface tempera-
tures for 2000 and 2024 across 40 stations, with their
geographic coordinates (Easting and Northing). The

3.3. Comparison of results between LST map 2000

stations cover various coordinates from north to
south and east to west, indicating comprehensive
coverage of the studied site. These coordinates help
in analyzing climate changes at a precise local level.
Almost all stations show a significant increase in
LST from 2000 to 2024. Some stations show
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Fig. 4. (Continued)

significant increases of more than 10 °C, such as
station 12, which rose from 35.69 °C in 2000 to
48.13 °C in 2024. Southern and eastern locations
tend to have higher temperatures than other sta-
tions. Station 9, for example, rose from 41.14 °C to
just 43.34 °C, compared to other stations that saw
larger increases. Stations 12, 17, and 34 experienced

sharp increases, indicating intense local environ-
mental changes that may warrant in-depth study to
understand possible causes. The expected rela-
tionship between vegetation cover and LST was
larger than between total vegetation cover. This
could be because trees are more resistant to dry
conditions that come with heatwaves, and the city's
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urbanization and industrialization have caused a
rise in LST.

Table 3 presents the land surface temperature
(LST) statistics for the studied area. RMSE is a
measure of accuracy, and it represents the square
root of the mean of the squares of the differences
between the predicted values and the actual values.
The lower the RMSE, the more accurate the fore-
casts. We find that the RMSE has increased slightly
from 1.89 in 2000 to 1.98 in 2024, indicating a slight
increase in the inaccuracy of the forecast data for
2024 compared to 2000. It can be noted that there is a
significant increase in the average temperature from
34.76 °C in 2000 to 40.25 °C in 2024. This increase
indicates a clear rise in temperatures over the past
24 years, which may indicate climate changes in the
region.

We find that the maximum temperature increased
from 41.14 °C in 2000 to 48.13 °C in 2024, which
reinforces the idea that there is a significant increase
in maximum temperatures in the studied region.
We note that the minimum temperature increased
from 26.29 °C in 2000 to 33.66 °C in 2024.

Table 2. Stations were observed on the final map data to calculate the
land surface temperature.

Station  Easting (m)  Northing (m) LST year  LST year
2000 (°C) 2024 (°C)
1 436,639 3,701,100 26.32 34.06
2 435,792 3,704,130 32.34 36.83
3 439,531 3,700,890 37.55 36.83
4 441,083 3,697,400 35.19 39.55
5 442,811 3,695,180 35.55 42.59
6 442,423 3,693,980 35.46 42.21
7 438,684 3,693,760 36.78 43.34
8 436,780 3,694,930 35.24 37.61
9 434,840 3,695,850 41.14 43.34
10 433,324 3,696,090 38.27 4221
11 432,583 3,697,790 37.72 39.16
12 433,041 3,700,500 35.69 48.13
13 433,324 3,702,970 37.26 39.55
14 437,450 3,703,040 34.26 41.07
15 440,483 3,702,120 33.42 42.21
16 442,493 3,702,510 36.27 43.71
17 442,564 3,703,990 37.08 45.20
18 438,261 3,700,080 28.05 34.06
19 437,697 3,696,970 28.00 34.06
20 436,886 3,696,020 35.69 35.26
21 438,402 3,698,170 28.83 34.06
22 437,027 3,697,010 30.16 34.06
23 439,143 3,695,920 33.96 39.55
24 440,130 3,695,420 33.00 38.00
25 439,601 3,696,410 26.29 33.66
26 439,954 3,697,860 34.73 36.83
27 440,659 3,699,130 33.02 39.16
28 434,593 3,700,180 32.68 41.07
29 435,722 3,699,130 38.40 45.20
30 435,651 3,697,790 36.83 41.07
31 433,994 3,698,000 38.42 45.57
32 438,473 3,702,790 37.79 38.78
33 435,404 3,701,630 30.62 39.55
34 436,674 3,698,030 40.09 45.93
35 439,566 3,694,050 37.52 44.46
36 435,722 3,694,010 35.44 39.93
37 433,147 3,694,260 37.92 44.46
38 432,936 3,703,780 34.59 38.39
39 441,435 3,704,100 37.35 45.20
40 442,599 3,700,850 35.37 44.08

Table 3. Summary statistics of LST for the study area.
LST RMSE Mean  Max Min STD

LST year 2000 (°C)  1.89 34.76 4114 2629  3.57
LST year 2024 (°C)  1.98 40.25 48.13 33.66  3.92

This increase in minimum values reflects that
temperatures did not decrease much during cold
periods, reinforcing the global warming hypothesis.
The standard deviation measures the dispersion
around the mean. We note a slight increase in the
standard deviation from 3.57 in 2000 to 3.92 in 2024,
which indicates an increase in the variability of
temperatures around the mean, which may reflect
greater fluctuations in temperatures in the region.
This analysis clearly shows an increase in surface
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temperatures in the studied region between 2000
and 2024, with an increase in the mean, maximum,
and minimum, as well as a slight increase in
dispersion and imprecision. These results support
hypotheses related to climate change and its effects
on surface temperatures.

The maps are shown in Fig. 5 show the distribu-
tion of land surface temperatures (LST) in the
northeastern region of Baghdad province in 2000
and 2024. By comparing the two maps, it can be
noted that there are significant changes in the dis-
tribution of surface temperatures between 2000 and
2024:

1. Spatial changes: Some places had unusually
high temperatures in 2000, suggesting either a
lack of urbanization or a change in land use. The
geographical extent of high-temperature zones
clearly increases in 2024, suggesting either a shift
in land cover or the growth of cities.

2. Temporal changes: Variations in the two maps
show how different geographical and meteoro-
logical variables affected land surface tempera-
tures during the research period. Alterations in
land use or the loss of plant cover as a result of
urbanization are indicated by changes in surface
temperature.

3. Environmental impact: Surface temperature in-
creases seen on the 2024 map indicate further
population at the cost of natural vegetation,
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which can have detrimental effects on the envi-
ronment, such as a worsening of the urban heat
island effect.

Fig. 6 Compares LST for the years 2000 and 2024.
Comparing LST between two periods is essential to
climate and environmental change research, help-
ing to understand climate changes over time. The
increase in temperature in most regions can be seen
by the different colors representing different LST
values. There is a general increase in LST between
the years 2000 and 2024. This pattern is consistent
with tabular data indicating significant increases in
LST across almost all stations.

Rapid change and new possibilities are on the
horizon for the area, resulting in the need for
innovative strategies. In addition, An effective
agricultural strategy may be developed using the
approach and conclusions of this study to mitigate
the harm to agricultural fields during a certain
period. Natural and human-caused variables, such
as climate, elevation, population growth, and
pressure on natural resources, all resulted in se-
vere changes in the land cover of the studied re-
gion. Future events and land cover changes may
be monitored and predicted with the assistance of
this study. Policymakers and decision-makers
might use the results of this study to reduce
excessive usage of natural resources. This work
provided evidence that LST may be derived using
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Fig. 5. Results of final maps: (a) LST 2000 and (b) LST 2024.
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remote sensing and GIS, which opens up new
possibilities for environmental research and
studies. Additional research should include esti-
mating LST in each city and validating these es-
timates with observations made in the actual
environment.

4. Conclusions

This particular type of study could assist in
creating sustainable social, ecological, and environ-
mental policies and practices. This study helps
stakeholders and decision-makers focus on future
change by detecting areas of quick land use change.
In this research for the study area between 2000 and
2024, the following can be concluded:

1. Significant increase in surface temperatures:
From 2000 to 2024, the statistics showed that the
northeastern portion of Baghdad province had
significantly higher average surface tempera-
tures. With an increase of around 5.49 °C, the
average temperature rose from 34.76 °C in 2000
to 40.25 °C in 2024.

2. Spatio-temporal variation: Variation in the rise
among stations is clearly seen in the data from
the tables. Geographical distribution 12 is one
such location that saw temperatures surge
dramatically, from 35.69 °C in 2000 to 48.13 °C in
2024. Meanwhile, in other stations, such as Sta-
tion 25, the increase was less severe, from
26.29 °C to 33.66 °C.

3. Variation in maximum and minimum values: In
contrast to 2000, when maximum temperatures

ranged from 26.29 °C to 41.14 °C, the minimum
temperature in 2024 is 33.66 °C and the
maximum temperature is 48.13 °C. This reflects
substantial changes in the local climate and
possible effects on the environment and human
activities.

4. Root Mean Square Error (RMSE): The root-
mean-squared error (RMSE) rose from 1.89 in
2000 to 1.98 in 2024, suggesting a small but
noticeable rise in the data's variability throughout
the years.

5. Potential Environmental Impact: The region's
negative environmental impacts, like the urban
heat island effect and vegetation cover degra-
dation, could worsen as a result of these
increasing temperatures; therefore, steps should
be taken to reduce these impacts, and suitable
environmental sustainability policies should be
developed.
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